
*rA v v 


J ^-: z Y *vV*' >- 





isRjsa^ajfi 




-•j- > 

> ^<? 










Wf: 


**#*•>*£: 

\-£*GlWi\ 


W% 



Lung Inflammation: Role of Endogenous Chemotactic Factors in Attracting 
Polymorphonuclear Granulocytes 1 * 4 ., i: ^ 


■•'rmwir 

: ^> ; V' 


;7/'' - 

HERBERT Y. REYNOLDS ISfli, 

• ; .7 *.&$**&'* *>'»■ .* _' fl 

\v 7' " '•"• •' ! '*%. «s£-»U t .• * • ~~ -'•*,♦• 

‘ •■iti^vr Introduction v. y . LfciSrv! '.‘f 

The airways of the respiratory tract are -“ Summary ** 

constantly subjected to foreign debris o« enstf «tai 

alighting on their surface, which is inhaled J Peculates wh 

with ambient air or admixed with naso- . „ •™ malor V aw 
oropharyngeal secretions that are aspirated. : " “ n * T contro1 ° 
However, the respiratory tract has an , « 4ct0fS or * 
elaborate array of cleansing mechanisms - *ys«m«eme 
that effectively remove this debris and, *** * !5 s * n y f 

under usual circumstances, no h arm occurs. * e status 

These mechanisms are part of a broad um- * Yl ° s * a eren 

brella of pulmonary host defenses that pro- ccacors.e 

tect the health and integrity of the air-ex- j? aCTOp * 9 * * 
change surface of the lungs (l)i ; on - 

Counterartackihg, therefore, the influx -- 

of airborne particles and microbes that ’ 

enter the conducting airways are formidable tain allergic, va 
anatomic barriers, such as the larynx and diseases feature 

the branching structure of the airways, a inflammatory o 

perpetual 'ciliary clearance apparatus, locally variety of toxic 
secreted i proteinacious substances contain- such as cigaretti 
. tng mucus and immunoglobulins that'coat and silica particl 
the ciliated epithelium, and a cough mecha- lular component 
nism. Further down in the terminal airways products in the f 
and alveoli; phagocytic cells, principally oxygen radicals, 
alveolar macrophages, scavenge debris reach- that can cause d< 
ing the actual air exchange area. •«-. > f in the initiation, 

In sum, these surveillance mechanisms (2) flammatory reac 
' efficiently guard and cleanse the respiratory tractant factors 
; tract. In addition, other augmenting mech- inflammatory 
anisms are available and may be operant spaces (4). The o 
only at crucial times to aid the usually effec- tiple and they c 
tive surveillance apparatus. The capacity to cascade activatic 
make specific antibody in response to a cells, or be genei 
micro-organism that at a future encounter fiammation itsel 
would accelerate its clearance, or prevent senescent, injure 
attachment to the airway epithelium, is an protein comp^ni 
example. The capacity to generate an ap- This report w 
propriate inflammatory response in lung motactic factors 
parenchyma is another (3). Thus the mobili- crated in the air 
ration of inflammatory cells and fluid fac- seem to have re 

• tors from i the intravascular compartment flammatory rea< 

into the lung js crucial for effective pul- challenge. The i 

.monary host defenses. controlled biola 

Obviously, full 1 mobilization of the in- and at times it m 
flammatory reaction leading to pneu- reaction, perhai 
■ monitis and clinical illness occurs infre- but at other tim 

- quently in healthy individuals who are not amplified so tf 

exposed in an extraordinary way to massive ceivedi When a ! 

inocula or unusually virulent microbes, but is the cause, pne 

some lessen gradation of the reaction may scribes the reac 
be needed frequently to combat inhaled and nonihfectious o 
aspirated particulates and microbes that in- known etiology 
. cessantly plumb the depths of the airways. the chronic a 
On the other hand, inappropriate or ex- matory diseases 

cessive inflammation in the lungs may term. Where pc 

create pathology that is part of many the human situa 
chronic diseases that affect the lungs. Cer- that experiment* 




SUMMARY Th® inflammatory reaction In Ihe lungs can be considered a mechanism ol host 
defense that augments local alveolar cellular and humoral defense against microorganisms and 
particulates which challenge the airways. As part of this reaction, Ihe accumulation of blood in¬ 
flammatory and phagocytic cells, primarily PMNs, and fluid components from plasma may be 
- under control of chemoattractant factors and vasoactive mediators. From the air-side, chemotac¬ 
tic factors originating from alveolar macrophages or through activation of tha complement 
. system seem essential in initiating the Influx of PMNs into the alveotar space. The kinetics of 
synthesis and release ol chemotactic factors from alveolar macrophages ol animals and humans 
and the status of their immunochemical analysis is the essence ol this report. Coupling phago¬ 
cytosis (afferent function) with its capacity to secrete several kinds of effector molecules {chemo¬ 
tactic factors, complement components, leukotrienes, and platelet activating factor), the alveolar 
macrophage is considered to have a pivotal role In overall regulation ol the inflammatory reac* 
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tain allergic, vaseulitic, and' autoimmune 
diseases feature abnormal recruitment of 
inflammatory cells to the lungs as do a 
variety of toxic environmental exposures 
such as cigarette smoke, inhaled asbestos, 
and silica particles. , Accompanying the cel¬ 
lular component of inflammation are its by¬ 
products in the form of lysosomal enzymes, 
oxygen radicals, and a myriad of proteases 
that can cause destructive injury. Important 
in the initiation and perpetuation of the in¬ 
flammatory reaction is the role of ehemoat- 
tractant factors that help direct and recruit 
inflammatory cells into extravascular 
spaces (4). The origin of such factors is mul¬ 
tiple and'they can arise from complement 
cascade activation, be synthetic products ol 
cells, or be gener&ied from the debris of in* 
fiammation itself that contains a mixture of 
senescent, injured leaking cells, and pi ism a 
protein components. 

This report will concentrate on the che¬ 
motactic factors that can arise or be gen¬ 
erated in the airways and alveoli; and that 
seem to have relevance in initiating an in¬ 
flammatory reaction in response to airway 
challenge. The resulting inflammation is a 
controlled biologic reaction, we feel (3), 
and at times it may be a modest, self-limited 
reaction, perhaps undetectable clinically, 
but at other times it becomes significantly 
amplified so that clinical illness is per¬ 
ceived! When a specific microbial organism 
is the cause, pneumonitis appropriately de¬ 
scribes the reaction; when the cause is a 
noninfectious one, or perhaps is of un+ 
known etiology as is the case for many of 
the chronic alveolar-interstitial inflam¬ 
matory diseases,, alveolitis is a reasonable 
term. Where possible, we will emphasize 
the human situation but recognize the fact 
that experimental animal studies have been 


fundamental in dissecting and manipulating 
the inflammatory response and will remain 
indispensable for> future work. 

One final qualifying statement should be 
made as we embark on a reriew that will 
emphasize the role ofi polymorphonuclear 
neutrophils (PMNs) in the infiommatory re¬ 
sponse. We shall ignore the granulomatous- 
type reaction that prominently includes 
lymphocytes and transformation of mac¬ 
rophages into epitheloid cells, etc. Some 
lung research literature indicates that al¬ 
veolar macrophages liberate factors that in¬ 
fluence the accumulation of lymphocytes 
and that lymphocyte-derived factors affect 
macrophage motility. Certain’; these mech¬ 
anisms must be considered as well in de¬ 
veloping a comprehensive view of the com¬ 
plex celUUAr mechanisms of I', :ig inflamma¬ 
tion. 


Baseline—What Inflammatory Cells 
Are Already in the Airways? 

Lung washing techniques that retrieve re¬ 
spiratory cells from the alveolar and distal 
airway surfaces of animals and humans are 
the only available means to sample normal' 
lungs in a relatively non invasive way. Anal¬ 
ysis of cells so obtained, now reported by 
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many investigators, reveals that the prepon¬ 
derance ofi cells are alveolar macrophages 
(<90%), perhaps 4 to 8% are lymphocytes, 
and 1 to 2% are PMNs. Rarely are eosino¬ 
phils or, basophils detected. These cells, of 
course, represent the detachable population 
of cells that are dislodged with infusion and 
aspiration of saline fluid introduced into 
'• the airways. This lavage by no means re¬ 
trieves all cells present in the lung area sam- 
; pled, and just how thorough or representa¬ 
tive the washing sample is has not becn cor¬ 
related with actual histology in normal 
humans. " ,t4 ~ iu ** *■ ~ 

Recent data quantifying PMNs in the 
lungs of normal rabbits are relevant (5). 
PMNs constituted about 10% of the cells 
observed to be free in the alveoli* but only 
2.5% of respiratory cells recovered by lung 
lavage were actually PMNs. It was esti¬ 
mated' that lavage effectively removed 
about 42% of PMNs located in the air 
space (range of sampling efficiency was 2S 
to 56%). PMN counts in right and left ven¬ 
tricular blood samples were almost identical 
so significant trapping of PMNs in the vas¬ 
culature was not believed to occuri About 6 
X 10 4 air space neutrophils per g. of lung' 
tissue were calculated. Alveolar macro¬ 
phages were not observed to phagocytose or 
to otherwise remove PMNs. Aged or senes¬ 
cent PMNs, however, can be ingested undtr 
in vitro conditions by macrophages, and 
this may still be a pathway for' cell removal 
when studied more thoroughly. 

To establish basal conditions, it is unclear 
how many PMNs are naturally present in 
vascular and capillary areas of normal non- 
smokers* lungs as part of the marginated 
pool of PMNs, or how many are located in 
interstitial portions of lung parenchyma. 
Because the lungs contain a large capillary 
network that serves as an important filter at 
the interface of the arterial and venous 
compartments of the circulation, the avail¬ 
ability of PMNs within the lung vasculature 
would seem to be an important feature of 
host defense. The PMN being a.i endstage 
cell with a limited lifespan of a few hours, 
the mere presence of tissue PMNs in the 
lungs suggests an active influx and turnover 
of these cells. In contrast, no other inflam¬ 
matory cell type seems to be present in nor¬ 
mal lungs in a sufficiently, high number to 
make it an important candidate for in+ 
elusion in the inflammatory reservoir of the 
lung. Specifically, eosinophils come to 
mind. Clearly, eosinophils are important 
components of allergic lung diseases and 
various eosinophilic syndiomes, but they 
are not a prominent part of the usual bac¬ 
terial in feet ion-pneumonit is response. More¬ 
over, as we shall see, the specific chemotac¬ 
tic factors liberated by alveolar macro¬ 
phages have consistently been weak and 
negligible stimuli!for eosinophils. 

Few PMNs have been found in human 
lung lavage specimens; this paucity was 
noted in the early studies that used normal 
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DEMOGRAPHIC AND LUNG CELL RESULTS IN NONSMOKERS AND SMOKERS 


u. i 

Groups 1 

.Age (yr) 

1 Sex 

Smoking 

HX 

; Pk-Yr 

Cell Count 
(x 1QJ 

1 

AM 

Differential 

(%) 

PMN 

- EO- 

Lymphs BASO t 

Non smokers 

272 ± 1.2t 

0 

,19.8 ± 2.3 

87.4 ± 1.3 

1j5 ± 0^ 

9.3 ± 0.8 - 

(n p 44) 

27M 

- - T -:i H* ' 

v . P-5?)t 

(77-99) 

(0^5) 

(0-23)' * 

.; *" ■ l 5 v • - 

■ Vi. - •: 

" 17F 


r..., v 




Marijuana Smokers 

20.3 ± 0.'7 


' t 63.4 ± 10.0 

88 5 ± 2.6 

3.7 ± 0.9 

7*7 ± 2.2 — 

(n=?) .- • 

6M 

"I 

P7-99) 

(76-100) 

(0-10); 

(0-20) 

/ 

IF 


• ? * ' r t . 




Light Smokers 

23.4 * 0.7 

6.4 ± 0.6 

58.2 ± 5 8 

93 ± 0.9 

3.3 ±0.9 

4 0 ± 0.5 - 

K10 pk-yrs) 

. 11M 


(27-110> 

(79-99) 

(0-17) 

(0-I0)i 

(n=l 8) 

’ 7F 

, 





Moderate Smokers 

25.8 ± 0.9 

15.8 ± 0.9 

91.1 ± 16 J 

95.7 ± 0.7 

2.4 ± 0.4 

2.5 ± 0.4 - 

10 IP 20 pk-yrs 

, 7M 


- (27-234) 

(85-99) 

(1-9) 

(0-6) 

(n=14) 






' Ci 

Hftavy Smokers 

38.2 s 2.3 

41 it ± 5.9 

10Z0 ± 12.1 

92 ± 0.5 

3.5 ± 0.6 

3.7 ±0.5 - 

(> 20 pk-yrs) 

. 12M 


• (15-200) 

(75-99) 

(V18) 

(1-10) 

(n-20> 

8F 







* Less than .1% in »fl artferenttat count* (Inxn retcfeoce iOL 
1 Values are mean ± S£M. 
t Range observed. , 


subjects (6-9). As illustrated with our group 
of nonsmoking volunteer subjects (table 1), : 
the differential cell count of respiratory 
cells recovered with BAL shows that li5% 
of the cells were PMNs (10). For the smoker 
groups, (He percentage increased to 2.4 and 
3.7. These increases become more impres¬ 
sive when they are related to the total cell 
yield and are presented as the total PMN 
count (figure I). Ail nonsmokers had less 
than 10* PMNs per lavage cell total, and 10 
of 34 had no evidence of PMNS among 
their lavage cells. Most' marijuana and 
tobacco smokers had a logarithm greater 
PMN count than nonsmokers. Values in 
males and females did not differ. Thus, 
smokers in general would seem to have a 
heavier burden of PMNs in their airways, 
but there are exceptions. About 13% (7/56) 
01 smokers had no PMNs among the cell 
mixture and another 16% (9/56) had counts 
similar to those of nonsmokers. As alluded 
to, the lavage procedure may wash out only 
part of the PMN population and more re¬ 
main behind in the alveoli. 


We decided, therefore, to see if there was 
any substance in the BAL fluid that: might 
stimulate or attract inflammatory cells and* 
could account for their influx into alveoli 
(12). The progressive increase of in¬ 
flammatory cells and the relative potency of 
concentrated BAL to attract these cells in 
vitro are illustrated (figure 2) from a 
monkey- serially lavaged during a 72-h in¬ 
terval. Each lavage was done through a 
fiberoptic bronchoscope placed in the same 
portion of lung. In the third lavage fluid. 


Identification of Chemotactic 
Substances in Airways of Animals 
As an incidental finding, an awareness that 
inflammatory cells accumulated in osten¬ 
sibly noninfected airways and alVeoli de¬ 
veloped as we were trying to characterize re¬ 
spiratory lymphocytes in bronchoalveolar 
lavage (BAL) fluidfrom monkeys (11). In 
the course of relavaging monkeys at daily 
intervals to procure additional lymphocytes 
for T- and EUcelt identification! we noted a 
striking increase in the percentage of PMNs 
in the lavage fluid. Yet (here was no ob¬ 
vious infection or irritation in the airways 
of the animals, which seemed to be healthy 
and without evidence of pneumonitis by 
chest radiography or physical examination. 


•MAIAIAK* UCMT MO 0 EPUTE HEAVY 
k -SMOKERS- i 


Fig. 1. Total numbers of PMNs In the respiratory 
cell ipellets obtained by BAL are given for non- 
smokers and groups of smokers. Smokers are 
divided according to marijuana use (no tobacco) 
and to history of tobacco inhalation exposure: 
light have < 10 pk-yr use. moderate have between 
10 to 20 pk-yr.u'se, and heavy have > 20 pk-yr use. 
Horizontal bars denote the mean value (from refer¬ 
ence 10). 
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Fig, 2. A monkey underwent BAU at intervals dur¬ 
ing a 72-h period to illustrate changes in the total 
numberof recoverable respiratory cellls and in the 
number of PMNi and alveolar macrophages (AM) 
{upper panef). Simultaneous chemotactic activity, 
expressed as migration of the leading front of 
cells Into a micropore filter, in concentrated 
LAvage fluid was measured for 2 cell preparations 
(vrert/ca/ bars) (from reference 12). ■ ■' 


obtained 4 H after the initial one, the total 
respiratory count had doubled and PMNs 
accounted for about 45 % of the cell popu¬ 
lation; when sampled at 24 h, a tenfold in¬ 
crease had occurred in recoverable cells of 
which 90% were PMNs. 

„ When cell-free BAL fluid was assayed for 
. chemoattractant activity that would cause 
directed motion of PMNs and purified 
monocytes into a micropore filter, consid¬ 
erable activity was found in the 4- and 24-h 
specimens. Activity, in the BAL specimens 
f was equivalent to that generated by lipo- 
polysaccharide-activated serum and ca¬ 
seinate that were known to be potent che¬ 
moattractant substances. To isolate and 
characterize the active $ubstance(s) in BAL, 
a pool of lavage fluid obtained from 5 
monkeys lavaged for the fourth lime after 
the initial lavage was chromatographed 
over a calibrated Sephadtx G-75 column, 
and chemoattractant activity in the effluent 
fractions from the colbmn was assessed for 
PMNs and mononuclear cells (figure 3). 
Chemotaclie activity was detected in 2 areas 
of the elution profile: Peaks A and C, 
which coincidediwith amelution position of 
a 15 ;000-dalton,marker * and Peak B, which 
approximated a 5;(X)0-daltOn marker. Peak 
B activity seemed selective fori PMNs. The 
active fractions were pooled and charac¬ 
terized further. For pool A, heating (56° C 
for 45 min) did not diminish chemotactic 
activity, whereas the addition of an anti-C 5 
antiserum decreased the relative activity by 
45*7*. Such information led to the con¬ 


clusion that chemotactic activity found in 
. these chromatographic fractions of BAL 
was due to a complement fragment, prob¬ 
ably Cja, Left unaccounted for was activity 
^‘in Pool B, which was unaffected by anti-Cj 
'"or Cj antiserum but was heat labile. 

We considered that Pool B’s activity 
might arise from a cellular source. Because 
lavage of normal lungs yields predomi¬ 
nantly alveolar, macrophages (>90%) and 
-only a few lymphocytes and PMNs, in vitro 
culture of macrophages was the first choice 
to study. When glass-adherent macro¬ 
phages were additionally, activated with a 
■phagocytic stimulus of opsonized bacteria, 
the culture supernatant possessed consider¬ 
able chemotactic potency. Intermediate po¬ 
tency was obtained from adherent, but 
otherwise unstimulated cell cultures, but 
decidedly less activity was generated from 
alveolar macrophages that were tumbled to 
_keep them in suspension and prevent cell 
adherence. • • - 

Thus macrophages seemed to produce a 
chemoattractant substance spontaneously 
when cells were allowed to adhere in cul¬ 
tures; however, a phagocytic stimulus quan¬ 
titatively enhanced the amount. Moreover, 
incubation of a macrophage monolayen 
with cyclofieximide, which putatively di¬ 
minished protein synthesis by cells, largely 
inhibited the formation of chemotactic ac¬ 
tivity in the culture medium > of bacteria* 
stimulated cells. Hypotonic lysis of a pellet 
of macrophages, however; revealed chemo¬ 
tactic activity in the cell lysate, indicating 
some storage of the factor within the cell, 
Chemotactic substance for alveolar macro¬ 
phages was concluded to be in part pre¬ 
formed and stored in 1 the cells and hence 
available for immediate release; however, 
additional factor apparently could be syn¬ 
thesized, providing a mechanism for sus¬ 
tained release. 

To characterize this macrophage-derived 
chemotactic substance, culture media was 
collected after 8 h of cell stimulation, an in¬ 
terval that yielded the most chemotactic ac¬ 
tivity in cell supernatants, concentrated and 
gel+filtered 'through the Senhadex G-75 col¬ 
umn as shown in figure 3. Effluent frac¬ 
tions with chemotactic activity, again as¬ 
sessed in terms of migration of the leading 
front, of cells into a micropore filter, cen¬ 
tered around the 400 to 420 elution volume, 
precisely coinciding with. Peak B. Activity 
was selective for PMNs and ineffective for 
mononuclear cells on eosinophils. Heating 
the pooled effluent fractions diminished 
chemotactic activity, but. anti-complement, 
antiserum did not. This factor seemed rea¬ 
listically to bea product of adherent macro¬ 
phages in.culture and not from another cell 
type. The adherent cell cultures were vir¬ 
tually, all composed of alveolar macro* 
phages (>98%), although a few adherent 
lymphocytes could not be rigidly excluded; 
other inflammatory cells such as PMNs were 
absent; At the time, it was uncertain if this 
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Fig. 3. The elution profile or concentrated BAL 
fluid from a Sephadex G-75 column is shown. Pro¬ 
tein is located in .ihe upper panel: (OD280nm) and 
the elution positions of proteins with known 
molecular weights are given. Chemotactic activity; 
in the column fractions, depicted on the ordinate 
as micrometers of migration of the leading cell 
front into a micropore filter, is shown for PMNs 
{middle panef) and for mononuclear celts (tower 
panel). Concentrated BAL fluid has two peaks of 
chemotactic activity fdr PMNs that eluted at 320 
ml {Pea* A) and £t4l0 ml (Peak B),and one peak of 
chemotactic activity for mononuclear ceils that 
also eluted at 320 ml (Peak C) (from reference 12). 


small molecular, weight factor released from 
in vitro cultured alveolar macrophages was 
unique or possibly related to other cell-as¬ 
sociated chemotactic factors such ias dialyz- 
abfe transfer factor (13) or an eosinophilo- 
tactic tetrapeptide (ECFA) (14). However, 
the macrophage factor consistently showed 
no ap preciable activity for eosinophils. 
Moreover, the small size of the factor seemed 
to differentiate it from other substances 
with biologic activity known to be secreted 
by macrophage (15), 

Within the same laboratory, namely the 
Laboratory of Clinical Investigation; Na¬ 
tional Institute of Allergy and Infectious 
Diseases, Bethesda, MD, other colleagues 
also were looking for endogenous che- 
motaclic substances that could produce an 
inflammatory response in lung tissue. Hun* 
ninghakeand associates (16), working with 
an inbred strain 13-guinea pig system, iden¬ 
tified a chemotactic factor generated by al¬ 
veolar macrophages after phagocytosis of 
heat-killed Staphylococcus aureus. Charac¬ 
terization of this factor in lung lavage fluid 
found it to elbie from a calibrated Sepha- 
d<fex G-75 colbmn in the position of <5,000- 
dalton marker and to be resistant to heating 
at 56° C for 45 min; but totally destroyed 
after incubation at 100* C for 10 min. For 
in vitro cultured alveolar macrophages, a 
bacterial stimulus enhanced factor secre¬ 
tion, although an appreciable amount, was 
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produced spontaneously by the adherent 
cells; inhibiting protein synthesis by the 
cells likewise diminished the amount of 
chemotactic activity generated in the cuL 
tiire supernatant by post phagocytic macro¬ 
phages. This study extended prior observa¬ 
tions in the monkey model discussed (12) in 
2 important ways. First] it demonstrated 
that an intratracheal injection of heafikilled 
5L aureus (10 ,# lung dose/pig) produced a 
significant in. vivo PMN inflammatory re- 
sponse. Second, when the active factor, 
generated in vitro from macrophages, was 
. instilled intratracheally, a significant in- 
' crease in PMNs in lung BAL was found] 
suggesting an in situ role for this che¬ 
motactic substance. 1 it ' f . 

;■ ' Compared with the saline-injected con¬ 
trol guinea pigs that developed about 0.5 x 
. I0 6 PMNs in lung lavage, the animals that 
received macrophage-derived chemotactic 
factor had about 2 x 10 s PMNs per lavage. 
Consistently, this factor, like the monkey 
macrophage factor, preferentially attracted 
PMNs and had no effect on eosinophils and 
other inflammatory cells. From photomi¬ 
crographs of the lungs, obvious alveolar 
hemorrhage was not produced nor elicited 
by the chemotactic specimens. This latter 
finding has not been stressed enough, I be¬ 
lieve, because the lack of appreciable ery¬ 
throcyte leakage into the alveolar spaces 
distinguishes this mechanism of lung 
inflammation from, that generated by the 
airway, instillation of preformed immune 
complexes (17> 18) or of C,a (19), both of 
which cause alveolar hemorrhage and sug¬ 
gest a more fulminant and possibly iu+ 
jurious lesion. The macrophage-induced 
chemotactic stimulus seemed to produce a 
more discreet and specific PMN accumula¬ 
tion in alveolar spaces. 

Using the same guinea pig model, Gadek 
and colleagues (20) delved more thoroughly 
into the kinds of stimuli that induce al¬ 
veolar macrophages to release the PMN 
specific chemotactic factor. A variety of 
particulates was used to stimulate adherent 
macrophages under tissue culture condi¬ 
tions that included heat-killed S. albus, zyr 
mosan particles, Sepharose beads, and IgG 
containing immune complexes. As noted in 
previous studies, physical adherence of 
macrophages to a surface was a sufficient 
stimulus for chemotactic factor production, 
but the kinetics of its formation were slow 
and did not reach a maximum until 18 h in 
- culture had elapsed. In contrast, this ac- 
■ tivity after particulate stimuli developed 
much faster and was q uite evident in the 3-h 
^supernatant specimens. 

The greatest chemotactic activity, was 
produced by the immune complexes and 
IgG coaled erythrocytes; intermediate ac¬ 
tivity was found with ithc microbial stimuli; 
Furthermore,,if the zymosan particles were 
preincubated with normal serum and then 
fed to macrophage cultures, the output of 
chemotactic factor was twofold greater. 


The active component in serum was found 
to be Cjb, w-hich complexed to the par¬ 
ticulate antigen and probably enhanced at¬ 
tachment to the surface ofithe macrophage. 
Evidence suggests that C 3 b was produced 
by the alternate complement pathway that 
is most likely the dominant pathway operat¬ 
ing in the normal airway (3): These findings 
that IgG and C 3 b containing stimuli elicit 
maximal output are nob surprising, know- 
' ing that alveolar: macrophages have special 
receptors for IgG Fc and C 3 (21 )J Likewise, 
specific receptor binding would ensure 
good particle attachment to cell membranes 
and facilitate phagocytosis. Chromatogra¬ 
phy on Biogel P-2 of macrophage cell cul¬ 
ture supernatant separated chemotactic ac¬ 
tivity into 2 elution positions corresponding 
to molecular weights of 400 to 800 daltbns. 

Evident in all the monkey and guinea pig 
alveolar macrophage experiments was the 
high background of spontaneous secretion 
of chemotactic factor into culture medium. 
In part; cellular attachment to the culture 
chamber is responsible for activating the 
macrophages and increasing baseline meta¬ 
bolic function; preventing cell adherence by 
tumbling thennin culture greatly diminishes 
the production of chemotactic activity. Al¬ 
though ingested panicles, .bacteria, and im¬ 
mune complexes can appreciably enhance 
chemotactic factor secretion, it is evident 
that secretion of the factor is largely non¬ 
specific. Moreover, once liberated; this che¬ 
moattractant activity generated!by macro¬ 
phages may be generalized rather than local 
and selective. Some recent data support this 
view. 

In our initial monkey lavage experiments 
(12), the same portion of the lungs was re¬ 
peatedly lavaged through amaimstem bron- 
' chus; other nonlavaged lobes were not sys¬ 
tematically sampled! for influx of inflam¬ 
matory cells. Likewise,, guinea pigs were 
injected intratracheally with a milliliter of 
fiuid containing macrophage-derived che¬ 
motactic factor, rathenthan selective place¬ 
ment of the sample, and!then whole lungs 
were lavaged to recover cells. Gohen and 
Batra (22), using dogs, found that repeated 
washing of 1 King segment initiated an in¬ 
flux of inflammatory cells into unwashed 
segments, even in the contralateral Itmg. 
Thus, unilateral lung lavage produced a bi- 
' lateral PMN response, always greater in the 
ipsilateral area washed but appreciable in 
the contralateral segment too. Tn fact, re¬ 
peated placement of the wedged!broncho¬ 
scope (5 mm i size) i in a sublobar bronchus 
produced a PMN rich influx into the area, 
demonstrating that actual lavage was not a 
necessary requirement for attracting PMNs 
to the alveolar surface and that a foreign 
body or irritant, inithis instance the bron¬ 
choscope, would suffice. Minimal influx of 
PMNs also was noted in a coupli of dogs 
(2/8)iwhen the contralateral lung that had 
not been invaded with i the bronchoscope 
was lavaged and cells analyzed! The experi¬ 


ments showed that local sublobar lung la¬ 
vage had widespread alveolar effects in that 
repeated lavage or just placement of the 
bronchoscope could evoke a PMN inflam¬ 
matory response in a specific lung area and 
in distant, removed ones as well, indicating 
that a general stimulus must be liberated, 
possibly a neurogenic or reflex one. The ef¬ 
fect was not limited to lung parenchyma be¬ 
cause blood leukocytosis and bone marrow 
release of young forms of PMNs also oc¬ 
curred, no doubt to supply an adequate 
number of PMNs for egress into lung. 
More than just a macrophage chemotactic 
factor was operant in this large-scale re¬ 
sponse. These investigators also found that 
monkeys responded in ia similar way. More¬ 
over, they selectively instilled concentrated 
lung lavage fluid into the rightiorleft bron¬ 
chus intermedius of monkeys and found 
that this fluid elicited a transient but 240% 
increase in peripheral blood PMNs, con¬ 
firming a systemic effect on the bone mar¬ 
row' reserves from the Hing focus. However, 
an identification of active factors presentin 
the lavage fluid was not attempted. 


Human AlVeolar Macrophage Factors 

As expected; the search for inflammatory 
mediators in the airways quickly moved to 
the human lung and focused on the alveolar 
macrophage. Lung lavage of normal volun¬ 
teers produced a high yield of macrophages 
(> 80% of respiratory celli recovered) from 
cigarette smokers and nonsmokers (10). Be¬ 
cause the monkey and guinea pig studies 
had identified a macrophage-derived che¬ 
motactic factor, iti was reasonable to deter¬ 
mine whether human cells made the same. 
Merrill and colleagues (23) found this to be 
the case. In vitro cultured alveolar mac¬ 
rophages produced chemoattractant activi¬ 
ty in cell free supernatant after surface at¬ 
tachment. But peak activity did not occur 
until! 22 h in culture if the cells were not 
stimulated further. Preventing attachment 
by tumbling the macrophages greatly re¬ 
tarded the production of chemoiactic ac¬ 
tivity, bm after 22 h comparable amounts 
of activity were present. However, when 
adherent macrophages were stimulated with 
an IgG-containing immune complex that at¬ 
tached to their cell surface, chemotactic ac¬ 
tivity was detected in the first supernatant 
sample at 3 h and in maximal amount. The 
quick burst of activity tapered off and was 
decidedly less potent in the 22 h sample. Zy¬ 
mosan-particles that gave a microbial pha¬ 
gocytic stimulus produced intermediate 
amounts of chemoiactic activity, reaching 
maximal activity by 6 h, but in contrastsus- 
tained ihe degree of activity, into the 22-h 
supernatant specimen. Thus the kinetics of 
chemotactic activity produced by the mac¬ 
rophage-predominant cell cultures (>95%) 
showed that cell adherence alone was a suf¬ 
ficient'stimulus to cause activity and pre¬ 
venting adherence retarded it significantly, 
but did not prevent it entirely. 
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' Of course, mechanical agitation of the 
cells to prevent surface attachment should 
be considered a form of stimulation and is 
not a perfect control situation, especially 
when compared with the macrophages’ in 
ritu position on the alveolar surface. Lung 
movement obviously occurs with ventila¬ 
tion, but the rhythmic, less violent expan¬ 
sion-contraction of the alveolar surface oc¬ 
curring with tidal breathing and modulated 
by surfactant and other secretions may be 
far different from a rotating, plastic tube 
and sloshing medium. Of interest, approx¬ 
imately 2 wk in longterm culture was re¬ 
quired before alveolar macrophages seemed 
to calm down and produce no detectable 
chemotactic activity in their culture 
medium. Poor nutrition and marginally vi¬ 
able cells were not the entire explanation, 
because cellular stimulation with IgG com¬ 
plexes produced maximal secretion of che¬ 
motactic activity from the 2-wk-old macro¬ 
phage cultures. Like macrophages from 
other species, the chemoattractant sub- 
stance(s) was relatively specific for inducing 
PMN motility and decidedly less potent for 
mononuclear cells. . .... 

To characterize the chemotactic activity 
produced by monolayers of alveolar macro¬ 
phages from noncigarette smokers, super¬ 
natant' specimens from unstimulated cell 
cultures were collected, concentrated, and 
chromatographed on a calibrated Sephadex 
column, (figure 4). Eluent fractions con¬ 
taining chemotactic activity for PMNs cen¬ 
tered about the elution position of a 
9,500-dalton material and an approximately 
1,000-dalton marker. In similar studies us¬ 
ing supernatant from zymosan-stimulated 
macrophages, the same 2 peaks of chemo¬ 
tactic activity were detected in the elution 
profile, but the relative potency of the ac¬ 
tivity was somewhat different, shifting to 
• mere of the smaller molecular factor. This 
suggested that acute cell activation might 
change the relative proportions of factor se¬ 
cretion or indicate that the smaller sub¬ 
stance was a breakdown product of the 
larger. 

The relationship between these 2 possible 
~ chemotactic factors was not elucidated com¬ 
pletely. Further analysis of the larger mole¬ 
cular weight factor indicated it was suscep¬ 
tible to proteolytic degradation with trypsin 
- that diminished its activity. Isoelectric fo¬ 
cusing in polyacrylamide gels of an ,JJ I 
trace-labeled specimen actually revealed the 
, -“homogenous” factor to disperse into a 
multiple band profile, but with chemoat¬ 
tractant activity confined to a single peak 
with a p! of 5:0 (peak B). Various inhibi¬ 
tors, incltiding. anti-Cj and! -Cj antisera, 
confirmed the integrity of this 9A00-dalton 
chemotactic factor to be non-compliment 
in nature. But' blocking prostaglandin 
metabolism in the cells did! inhibit early 
release of chemotactic activity by macro¬ 
phages, and it was considered probable that 
some activity attributed to the small molec- 
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Fig. 4. Gel filtration of.pooled AM' culture super- 
nates. One hundred fifty ml ofiunstimuliated AM 
culture supernate from nonsmokers were concen¬ 
trated to 7 ml and filtered through: Sephadex G-50 
SF (column dimensions 2.6 (t.d.) x 61.4 cm with 
gel bed volume of 324.6 ml) in phosphate-buffered 
sallihe, pH 72. The position of eluent fractions 
(4.5-mt fractions were collected) 14 expressed as 
VeWt. In Panel A, the relative protein content (A,,,) 
of the fractions and the elution position of calibra¬ 
tion markers are given. In B, .migration of PMNs in 
micrometers toward these fractions is shown.' 
Control cell migration in the buffer was 30 Mm. The 
column apparatus was sterile and etuent fractions 
were free of detectable endotoxin .material (from 
reference 23). 


ular weight substance could represent a 
lipoxygenase pathway product. 

Concomitantly, Hunninghake and cob 
leagues (24) were analyzing their human ab 
vcolar macrophage-derived chemotactic 
factor. The results were complementary but 
slightly different, although the basic 
methodology used was generally similar. 
BAL from healthy nonsmokers recovered 
respiratory cells, principally alveolar mac¬ 
rophages (mean 92%), that were cultured 
and stimulated with a variety ofi particles, 
opsonized particulates, and immune com¬ 
plexes (bovine serum albumin-IgG anti- 
BSA amibody)j. Active cell supernatants 
were chromatographed through Sephadex 
G*25 or Biogel P-2 gelimediain phosphate- 
buffered saline. Cell supernatants were gen¬ 
erally harvested 3 h after specific stimula¬ 
tion for assay. Just as we noted (23), special 
macrophage stimulation could enhance the 
release or secretion ofichemotactic activity 
in several hours; however, with extended 
culture (18 h), nonstimulated controlIcells 
eventually produced maximal activity. All 
particles stimulated chemotactic activity 
versus controls, but opsonization of the 
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particles provided an'additional increment, 
especially with heat-killed Staphylococcus 
aureus. IgG-containing complexes were 
particularly potent, but complement recep¬ 
tor attachment to the macrophages’ surface 
was not an efficacious stimulant. 

After fractionation of active cell culture 
supernatants, chemotactic activity was con- 
'sistently found in the 400 to 600 dalton elu¬ 
tion range of the calibrated columns. De¬ 
tailed characterization of this material found 
it to: be stable on heating at 56° C and 
100° C, exhibit stability over an enormous 
pH range (pH 1.0 to 12.0), resist a variety 
of proteolytic enzymes, contain 2 major 
isoelectric points (PI 7.6 and 5.2)j and be 
.extracted by organic solvents, suggesting it 
contained some lipid components. In terms 
of functional activity, the material was 
preferentially active for directing migration 
of PMNs compared with that of monocytes 
and eosinophils. Moreover, macrophage 
supernatants containing chemotactic activ¬ 
ity induced normal human PMNs to release 
lysozyme and lactoferrin. 

In summary, several Ismail molecular size 
chemotactic factors have been .conclusively 
demonstrated and characterized. These fac¬ 
tors are compared (table 2) for the various 
species of alveolar macrophage studied. It 
seems that human alveolar macrophages 
can secrete at least 2 well-defined chemotac¬ 
tic factors that show selective activity for 
PMNs. The small < 1,000-dalton factor is 
in part a lipid-containing substance and 
may represent a lipoxygenase pathway me¬ 
tabolite of arachidonic acid. This possibility 
is relevant because one such substance, 
12^L-bydroxy-5,8,10,14-eicosatetraenoic 
arid, has been found to stimulate random 
j and directed migration of PMNs and eosin¬ 
ophils (25, 26), 

To give credence to the concept that an> 
alveolar macrophage-derived chemotactic 
factor might participate in the inflamma¬ 
tory reaction in human lung diseases, Hun¬ 
ninghake and colleagues (27) sought evi¬ 
dence of chemotaxin secretion by alveolar 
cells lavaged from patients with idiopathic 
pulmonary fibrosis (1PF). This was a rele¬ 
vant disease to study because a low-grade 
alveolar inflammation is often present, es¬ 
pecially in an early, cellular stage of disease. 
In the initial studies analyzing bronchoal- 
veolar lavage fluid from 1PF patients (28, 
29), it was noted that among the respiratory 
cells retrieved from untreated patients, 
PMNs accounted for a consistent percent¬ 
age (mean about 30%, 5 to 80 range ob¬ 
served) of the cells. A small percentage of 
eosinophils (about 4%) also was character¬ 
istic. Moreover, PMNs correlated with cel¬ 
lular reactivity in biopsy specimens (28) and 
with gallium lung scanning that generally 
reflects isotope uptake by inflammatory 
cells and activated macrophages (30). 

A group of 15 patients with 1PF, con¬ 
sidered to be in midstage of their disease, 
were investigated for possible secretion, of 
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‘ COMPARISON OF AUVEOLAR MACROPHAGE DERIVED FACTORS 


Monkey'* vjuf:. 5,000 daltons 

; " -:-nl • **:»? V'.wTu,; v-ra^./.* 

- Guinea pi© 1 * •-> *1,500 daltons 

' .-^ ... ;, . .. : <600d) 


< 1,000 daltons 

.•:^C:-;: : ^ . (600d) 

. Ay/ilz l//t> v£ 

l ;-;riS.V'->5’. r ^«i ran. 

Tjrftj - n *f T'-Wr'^ff _y;• >v»f 

v - XL-- ?:* ■* v-'r Y. /.'V: rAi ■;■ 


Heat siable P ; :;.i. v 
it . Lr-vv. 
if?.;> ,: 1 ••' iisi*. 

Sensitive 1o trypsin and 
1 heat stable ■ ■*■- '•'•*• 
” Resistant to trypsin and 

■ proteases, heat and pH 
-stable _ .... 

it Sensitive to serum chemo- 

■ tactic factor inhibitor 


Characteristics 

Attracted PM Ns not monocytes 
or eosinophils . 

Generated after,#/! vivo 
phagocytosis, had in vivo 
chemotactic activity •, ->rfj; 

PMNS attracted PI 5.0 

' PMNS attracted in preference 
to monocytes and eosinophils; 
promoted release of ietastase 
and lysozyme from PMNs 
PI 7.6 and 5 2 in part HpW, but 
not HETE 


alveolar macrophage-derived chemotactic 
factor and: compared with 8 nonsmoker 
normal volunteers (27). After BAL to re¬ 
trieve respiratory cells from both groups, 
the cells were submitted to Hypaque-Ficoil 
density centrifugation to remove PMNs; 
the purified!mononuclear cells, principally 
alveolar macrophages, were cultured for 3 h 
after which . supernatant fluids were Har¬ 
vested and ievaluated for chemotactic activ¬ 
ity. Various stimuli were given to the mac¬ 
rophage cultures in the form of concentrated 
BAL fluid from 1PF patients, Sepharose 4B 
beads, and IgG coated ox erythrocytes. Re- 
suits of respiratory differential cell counts 
in the patients showed that 9 of 15 had 
greater than 10% PMNs among the cells 
(approximately 35%), and that the other 
' patients had less than 10%; the normal 
[. nonsmokers did not have PMNs. Once in 
-. culture, macrophages from IPF patients 
with > 10% PMNS in their original mixture 
of lavage cells spontaneously released che- 
* motactic activity into the culture medium, 
whereas cells from those with fewer than. 
10% PMNs generally did not release activ¬ 
ity, nor did the cells from nonsmokeTs. 

This just may, have reflected nonspecific 
activity by the macrophages, and an inter¬ 
esting control would have been secretion by 
either intrinsically active macrophages as 
^obtained from sarcoidosis patients or age- 
'matchcd smokers. Nonetheless, the IPF 
macrophages clearly generated large amounts 
of chemotactic activity quickly (by 3 h); 
when this activity was localized in the chro¬ 
matogram i (Sephadex G-25 gel) of the su¬ 
pernatant fluid, it was found in the 400 to 
600 molecular, weight range fractions eluted 
from the calibrated column. Further analy¬ 
sis of this material Ishowed preferential che¬ 
moattractant activity for PMNs compared 
with blood monocytes, and this activity was 
largely extractable with organic solvents, in¬ 
dicating a significant lipid component to be 
present Thus, Hunninghake and colleagues 
succeeded in identifying the same kind of 
small molecular weight, partially; lipid-con¬ 
taining chemotactic factor they had previ¬ 


ously found from normal alveolar macro¬ 
phages (24). 

These investigators looked further for a 
mechanism that could account for the se¬ 
cretion of chemotactic factor, by IPF mac¬ 
rophages, an important cell component of 
the inflammatory, cellular milieu of active 
alveolitis. The stimulus seemed to be in the 
form of an immune complex based on .the 
following evidence: (/) patients with serum 
titers of immune complexes generally had 
alveolar macrophages that released large 
amounts of chemotactic factor, (2) lavage 
fluid obtained from patients with immune 
complex titers in serum could stimulate nor¬ 
mal macrophages to secrete the factor, (3) 
actively secreting macrophages had partial 
blockage of their surface IgG Fc receptors, 
suggesting concomitant binding of immune 
complexes, and (4) intracytoplasmio granu¬ 
lar deposits of IgG, identified with immu- 
nofluorescent antiserum, were in the active¬ 
ly secreting macrophages. In BAL fluid Tor 
9 of 10 IPF patients with actively, secreting 
macrophages, Gi q binding was increased, 
compared with fluid from normal subjects 
and from IPF patients whose macrophages 
did not release chemotactic factor, indicat¬ 
ing that IgG complexes were present. ,Enu¬ 
meration .of immunoglobulin secreting cells 
(B-lymphocytes) in' BAL was not deter¬ 
mined for these patients (31, 32), so the ori¬ 
gin of the complexes, w hether from periph¬ 
eral I blood or local secretion in lungs, was 
not known. 

This study indicates that a chemotactic 
factor was released from alveolar macro¬ 
phages of patients with IPF who were in an 
active phase of alveolitis with PMNs pres¬ 
ent in bronchoalveolar lavage fluid. IgG im¬ 
mune complexes appear to be an important 
macrophage stimulus. Thus an endogenous, 
airside chemolaxin can be released quickly 
within a few hours and this capability corre¬ 
lates with an elevated PMNicount ( > 10% 
respiratory cells). It is important that exces¬ 
sive chemotactic factor secretion has been 
found in a special disease in which some in¬ 
flammatory cell reaction is a usuallpatho- 






- ■ logic finding. The mechanism offered seems 

reasonable that chemotactic factor, released 
from alveolar macrophages can attract PMNS 
to the lung. In contrast, a diminished, in¬ 
sufficient inflammatory response in the 
lungs is often noted in patients or animali 
,< that are immunosuppressed and have a pro- 

- pensity to develop bacterial respiratory in- 
fection. Often profound granulocytopenia 

. and a depleted bone marrow supply of. 
r PMNs are the ready explanations. Impaired 
alveolar macrophages, specifically a dimin¬ 
ished capacity to generate chemotactic fac¬ 
tor activity, also could contribute to a dc- 
, pressed lung inflammatory, response. 

Pennington and Harris (33) examined 
, that question with a guinea pig model in 
'1 which cyclophosphamide (15 mg/kg weight/ 
i day) or cortisone acetate (100 mg/kg weight, 
subcutaneously) treatment was given for 7 
days. Alveolar macrophages were then ob- 
, tained by lung lavage and placed in tissue 
cullure. Adherent but otherwise unstimu¬ 
lated cells were left in culture for 24 h .and at 
this lime (for no activity was found in 4-hl 
cultures) celffree supernatant was assayed; 
for chemotactic activity for PMNs. Both 
treatment regimens given for a week caused' 
approximately a 25% decrease in the poten¬ 
cy of the macrophage supernatant to attract 
PMNs. It was concluded that chemotactic 
activity produced by macrophages could be 
adversely affected and this might blunt the 
inflammatory response. Because therapy 
with corticosteroids does favorably influ¬ 
ence PMN counts and inflammation .in the 
airways of patients with cellular forms of 
IPF (29, 32), suppression of endogenously 
, produced alveolar macrophage chemotactic 
factor might result. For the IPF patients in 
the series of Hunninghake and coworkers 
(27), 3 patients in the high and the low in¬ 
tensity alveoiids groups were receiving cor¬ 
ticosteroids when, studied, but. the macro¬ 
phage output of chemotactic substance was 
not compared in these respective specimens. 
Thus the Pennington and Harris (33) obser¬ 
vation has not been extended to a human 
situation in which corticosteroid therapy 
was given. 

Other Chemotaxfns, Potentially of 
Alveolar Macrophage Origin 
A large array of: biolbgic substances has 
been attributed to synthesis and secretion 
by macrophages (15, 34; 35). In a recent 
count, over 50 things had been identified 
(34) and it is probable that new entries will 
be added. However, only 2 substances in 
the current list seem to have clear chemo¬ 
tactic activity that would qualify them for 
serious consideration as other endogenous 
chemotaxins produced by alveolar macro¬ 
phages. They are C*a and certain leukotri- 
enes derived from arachiidonic acid metabo¬ 
lism. 

The role of the complement system , in 
host defense of the airways and alveolar 
surface remains controversial. Properdin 
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; Factor B (36) and a number of other com¬ 
plement components have been identified in 
lung lavage fluids (9, 29, 37) which support 
the concept that alternate pathway activa¬ 
tion may be important in the lung. We re¬ 
viewed this topic in detail in Reference 3. 
Interest focuses primarily, on C s a and C 3 a 
des arg, considered to be the most potent 
inflammatory mediators and chcmotactic 
molecules liberated by the complement cas¬ 
cades. These are capable by themselves of 
causing acute airway hemorrhage and exu¬ 
dation after intratracheal instillation (IB, 
19, 39, 40). If direct activation of alterna¬ 
tive complement pathway actually occurs in 
the airways, then it is reasonable to postu¬ 
late that a variety of inhaled or aspirated 
particles and microbes that gain access to 
the respiratory tree can trigger the comple¬ 
ment cascade;; Cj and C 5 plus other inter¬ 
mediate components like the trimoleculir 
compkx Cj* 7 , could be liberated and!pro¬ 
duce a number of fragments with chemoat¬ 
tractant properties. Quantitatively, C 5 de¬ 
rivatives seem to be the most effective and 1 
potent of the complement group. 

Instead of generating one of these phlo¬ 
gistic fragments from the complement cas¬ 
cades, the precursor component normally 
may be present in airway lining secretions. 
Wt certainly found C 5 activity in concen¬ 
trated BAL fluid obtained with serial lavage 
of ostensibly normal monkeys ( 12 ). Kolb 
and' coworkers (41) also found antigenic 
and: functional Cj, activity, in concentrated 
BAL fluid from cigarette smoke-exposed 
and normal nonhuman primates (baboons). 
Cj hemolytic activity in BAL fluids actually 
was almost twofold higher than in corre¬ 
sponding scrum samples (C5H50 titers per 
albumin concentration were about 800 in 
BAL in contrast'to mean values of 450 in 
serum), and resistant to inactivation by exo- 
-genous trypsin. These results indicated that 
the intact C s precursor moltcule is present 
in the alveolar compartment. In contrast, 
preliminary studies looking for Cj in hu-^ 
man lavage fluids from normal non smokers 
(42) have noted a paucity of this factor, 
compared with serum, raising the probabifi 
ily that appreciable diffusion of Cj from 
the vascular space into the lower respiratory 
tract must occur before a sufficient amount 
is present for activation. 

Another possibility is that complement 
components are directly added to respira¬ 
tory secretions from local synthesis in the 
lung; some evidence supports a cellular 
source for this. Scherzer and colleagues (43) 
have found that in vitro cultured human al¬ 
veolar macrophages synthesize and secrete 
into cell supernatant fluidi, functional Cj 
and Cj, as assessed by a hemolytic assay 
and further identified amigenically. Penn¬ 
ington and coworkers (44) also have assessed 
the production of complement factors by in 
vitro cultured human alveolar macrophages; 
specifically, they looked for Cj,Cj, C 4 ,Cj, 
and factor B, These macrophages w ere la- 
vaged from patients with a variety of dis¬ 


eases including sarcoidosis, squamous cell 
carcinoma, and recurrent pulmonary infec¬ 
tions. Most cell specimens produced func- 
tional C : and factor B, and several made 
Cj; none produced C 4 and Cs. It seems evi¬ 
dent that cultured alveol&r macrophages 
can spontaneously produce a variety of 
functionally active complement compo¬ 
nents that are linked with the classical and 
with the alternate pathways. It is plausible 
to believe that the celli can add these com¬ 
ponents directly to the fluid milieu of the al¬ 
veolar surface and hence be available to in¬ 
teract with deposited, inhakd debris and 
micro-organisms. Questions still left unan¬ 
swered are the quantitative nature ofithe se¬ 
cretion,; whether it is regulated or spontane¬ 
ous, and how specific the response can be 
when stimulated by phagocytosis or im¬ 
mune complexes attaching to the cell’s sur¬ 
face. Moreover, C s does not seem to be the 
sole complement component produced and 
it may not be made in predictable amounts. 

Considerable interest is focusing on other 
macrophage products that' have potential 
phlogistic activity; platelet-activating factor 
and certain products of lipoxygenase path¬ 
way of arachidonic arid metabolism. Be¬ 
cause this work is just emerging like the 
complement workman exhaustive review ofi 
largely preliminary publications is prema+ 
ture. The leukotriene products, derived 
from oxidative metabolism of arachidonic 
acid along the lipoxygenase pathway, have 
spasmotic properties that can cause bron- 
chospasm, and one of the principal media¬ 
tors of allergic Type liasthma t a slow react¬ 
ing substance of anaphylaxis (SRSa), has 
been found to contain 3 leukotrienes: LTC 4 , 
LTD 4 , and LTE 4 (45* 46), Initial evidence 
suggests that alveolar macrophages from 
rats (47, 48) may secrete smalllamounts of 
SRSa and thereby be an alternate source of 
this mediator. On the basis ofi work with 
human PMNs, stimulation will produce 
several lipoxygenase products that have 
chemotactic properties for other inflamma¬ 
tory cells, namely 5-monohydroxyeicosalet- 
raenoic aridi(5-HETE), and 5,12-dihydroxy- 
eicosatetraenoic acid (LTB 4 ). Such prod¬ 
ucts have not been identified conclusively in 
alveolar macrophages; however, the low 
moltcul&r weight! chcmotactic factor re¬ 
leased from human alveolar macrophages, 
as characterized by Hunninghake and col¬ 
leagues (24, 27); is partially lipid in nature 
and may constitute part of a HETE-type 
moiety. LTB 4 is, perhaps, of even more im 
terest for it is a potent chemotactic factor 
with activity that is comparable with C 3 
(49). Undoubtedly the potential role of 
these substances (50) must'await their, iden¬ 
tification in appropriate celli that can initi¬ 
ate the inflammatory, reaction In the airways. 


Perspective: Role of 
Endogenous Chemotaxins 
As already mentioned, the capability of 
generating an inflammatory reaction in the 
alveoli and on distal airway surfaces of the 
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lung is a fundamental element of normal re¬ 
spiratory host defense. Yet full mobiliza¬ 
tion iof the reaction is seldom needed; overt 
pneumonia, as an example, is an infrequent 
occurrence in the healthy person. Thus indi¬ 
vidual, well4controlkd components of the 
overall defense system suffice in most in¬ 
stances to clear or contain foci of debris 
and infection. 

Exclusion of foreign substances inhaled 
with inspired air is obviously very efficient, 
and the usual surveillance mechanisms op¬ 
erant in the nose, throat, and conducting 
airways are effective in intercepting these 
things. On the air exchange surface, alveo¬ 
lar macrophages are assumed to be the scav¬ 
enger and phagocytic cell front line that 
cleanses this area,,but this may not always 
be the case as the particular panicle or mi¬ 
crobe can be handled in different ways. 
Amply shown in aerosol-exposed animal: 
models that feature reproducible deposition 
of bacteria in the lungs (51-53), certain bac¬ 
teria; such as Streptococcus sanguis and 
Staphylococcus aureus, are contained by al¬ 
veolar macrophages; whereas others require 
a combined macrophage and PMN response, 
as found for Streptococcus salivaris, or eli¬ 
cit a predominantly PMN response in the 
case of Xeisseria catarraiis or Klebsiella 
pneumoniae and Escherichia colt. In gener¬ 
al terms (54), the gram negative organisms 
containing lipopoiysaccharidi cell! wall 
components evoke more inflammatory re¬ 
sponse with PMNi than gram-positive 
ones, a distinction of some relevance in as¬ 
sessing which factors are important in initi¬ 
ating the host’s inflammatory reaction (fig¬ 
ure 5). 

Once in the alveolus, a bacterium might 
stick to the lipid'(surfactant) proteinacious 
lining secretions that are thinly spread over 
the alveolar surface and may soon be in¬ 
gested by a macrophage. However, several 
possible things could happen. The bacterti 
urn, an encapsulated one of a gram-positive 
(GR + ) or gram-negative (OR-) variety, 
could become coated with a mixture of irm 
munoglobulin (? antibody), surfactant, and 
fibronectin, or interact directly with avail¬ 
able complement pathway proteins. Pro¬ 
teases (and lipopolysaccharide from the 
grarmnegative organism) from the bacteri¬ 
um could be liberated ias a consequence and 
activate or degrade any pans of the mixture 
just mentioned. What ensues might not 
always be predictable. The complement se¬ 
quence could be activated (alternate path¬ 
way) and C5a or Cj, desarg generated 
directly from a precursor component, or op¬ 
sonic antibody and fibronectin could ifacili- 
tate phagocytosis by the macrophages that 
would lead to bactericidal killing of the mi¬ 
crobe. Once stimulated, the macrophage 
could enhance its secretion of chemotactic 
factors, including HETE and possible 
leukotrienes, or produce complement com¬ 
ponents. Cj. once present can also stimulate 
macrophages to release chemotactic factor 
and lysozomal enzymes (39). The net effect 
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Fig. 5. Generation of the inflammatory response can be viewed as a dynamic process involving both i 
sides of the air.blood interface, but in this illustration the stimulus originates on the airway-alveolar sur¬ 
face and spreads to include cellular and humoral elements in the adjacent capillary and on the endothe¬ 
lial surface. The airway stimulus could be multiple things, but an inhaled or aspired bacterium is an 
appropriate one (see text for details). ^ . 
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of all these things could be an appreciable 
increase locally in the alVeolus of several 
factors that'possess potent chemo-attrac- 
tannactivity. Either maintenance of a large 
concentration gradient across the air-blood 
interface or diffusion of these factors into 
the vascular compartment could begin the 
influx of other inflammatory cells into the 
alveolus. Because the macrophage chemo- 
taetio factors studied are rather selective for 
PMNs, PMN phagocytes seem to be prefer¬ 
entially attracted from the circulating-mar* 
ginated blood pool- Thus a combination of 
local macrophage and exogenous PMN 
phagocytic firepower can be mobilized to 
the alveolus. •. - V* ~ i - 

Obviously, many other components of 
" the inflammatory response are present in 
the alveolus, and mechanisms that could be 
responsible for them are still I poorly 
understood. Evidence suggests that pro¬ 
teases liberatedi from PMNs or mast cells 
can activate a number of Hageman factor- 
dependent pathways that can initiate the 
complement sequence,, kinin system, and 
fibrinolysis in addition to the intrinsic 
pathway of coagulation usually associated 
with this factor. Whether all of these 
. pathways are operant in the lung is not 
known conclusively: However, a number of 
}. intermediate products formed from these 

- . pathways could be relevant in the inflam¬ 

matory reaction. Plasminogen activator 

- and kallikrein have chemoattractant activi¬ 
ty; others have vascular effects that could 

J. beimponant. Products of the kinin system 
■ : . such as bradykinin can alter vascularperme- 
ability, that could cause leakage of fluid! 
from the plasma compartment into alveoli. 
“Infiammaiion” tends to emphasize cellular 
‘ components of the reaction, but fluid 
, . elements are perhaps of equal importance. 

- Once selective permeability of the endothe¬ 
lial-epithelial surfaces ofi the blood-air bar¬ 


rier is breached, possibly governed by 
vasoactive mediators, wholesale transuda¬ 
tion of plasma proteins occurs, and high 
concentrations of many substances impor¬ 
tant in the inflammatory process, such as 
complement components, can accumulate. 

What becomes crucial is to determine 
where the fine-tuning of the reaction oc¬ 
curs. What recognizes the specie of bacte¬ 
ria, for example; what causes the switch in 
phagocytic cell response between'macro¬ 
phages and PMNs; what amplifies the reac¬ 
tion and mobilizes blood cell and plasma re¬ 
sources, andiwhat calls a halt to things once 
the invasion is contained and gets clean-up 
and repair under way? In other words, is 
the reaction a selective and qualitative one 
with intrinsic control? Alternatively, there 
may be nothing selective about the inflam¬ 
matory sequence in the lung, and it is just a 
quantitative response. 

After a certain degree of local injury, the 
response escalates, aibeitiin a rather predict* 
able way. Obviously, it is an oversimplifica¬ 
tion to consider that just one component of 
lung or systemic host defense is in charge of 
everything, because bioldgy is more diver 
than this and several levels of regulation are. 
tnvariably available. However, the tissue 
macrophages in the lung are a plausible cel¬ 
lular entity to focus on as potentially a very 
important point of control in the inflamma¬ 
tory reaction just outlined. What makes 
this consideration iat all feasible sterns from 
the extraordinary versatility of the macro¬ 
phage itself, which can be at once an affec- 
tonr cell land phagocyte par excellence, and 
an effector cell capable of secreting a be¬ 
wildering array of biologic substances (15, 
34, 35). Chemotactic factors, complement 
components, and leukotrienes, selectively 
considered in this report, constitute only a 
small number of substances these cells can 
create. 


A small percentage of PMNs is usually 
found among the respiratory cells retrieved 
by BAL from lungs ofi nonsmokers (about 
l^o) and dgarette smokers (about 
since lavage may not completely dislbdge all 
the PMNS, the actual in situ number on the 
alveolar and peripheral airway surfaces is 
probably greater. But why PMNs should 
leave their circulating blood pool and mi+ 
grate into the lung parenchyma and onto 
the air exchange surface, in the absence of 
an overt stimulus to attract them, is uncer¬ 
tain. In smokers who inhale burning ciga¬ 
rette gases and particles, the added airway 
debris probably accounts for the influx of 
PMNs and the huge increase in the number, 
of macrophages; whereas, in normal non- 
smokers small foci of bacteria and occa¬ 
sional particles landing on the alveolar sur¬ 
face could serve as a continuing; low grade 
stimulus for a very modest inflammatory 
cell influx. On the other hand, alveolar 
macrophages are clearly capable of secret¬ 
ing chemotactic factors that seem to prefer¬ 
entially attract PMNs and they could pro¬ 
vide one such alveolar-side stimulus. In 
vitroi how ever; the secretion of chemotactic 
factors seems nonspecific and can be gener¬ 
ated simply by cell adherence and pro¬ 
longed culture, although certain phagocytic 
and immune complex stimuli can greatly en¬ 
hance output; 

In vivo, things might be quite different. 
Macrophages are dispersed throughout the 
alveoli surface and one cell lpatrols several 
alveoli; other macrophages are present in 
the interstitial and structural areas of the al4 
veoli, presumably undergoing maturation' 
before emerging on the air exchange sur¬ 
face. It is not known if the young, maturing 
macrophages are as capable as the alveolar 
ones of secrefing chemotactic factors. Where¬ 
as, in vitro, several million macrophages, 
activated by' having to attach to a foreign 
surface, seem to produce spontaneously a 
lot of chemotactically active material in cell 
culture supernatant, the actual concentra¬ 
tion of factors liberated by a single macro¬ 
phage into its immediate surroundings 
could be quite minute. Such an amount 
might not be sufficient to actually attract 
PMNs into the alveolar space, but the fac¬ 
tor could seep into the capillary endotheli¬ 
um and promote sticking of PMNs to Thai 
surface. Hence a low level of tonic secretion 
of chemotactic factors by airside alveolar 
macrophages might be a mechanism for lo¬ 
calizing inflammatory ceils such i as PMNs 
in adjacent lung capillaries; more potent 
stimuli may be required to draw them into 
lung parenchyma. Withini several hours, 
macrophages can maximally secrete chemo- 
tactio factors in response to a phagocytic 
challenge or IgG containing immune com¬ 
plexes, a situation that might need to occur 
before PMN influx takes place. In addition, 
other stimuli including complement frag¬ 
ments, arising independently, may need to 
act together to promote inflammation. 
Conceivably, macrophage chemotactic fac- 
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tors have a dual role: </) to diffuse out of 
the alveoli surface and aid with margination 
of PMNs in the vasculature, and (2) to ac¬ 
cumulate in sufficient concentration inlra- 
alveolarly to create a gradient that will at- 
■ tract cells across the blood-air interface 
onto the alveolar surface. ..,*»(. . :•>. <r-i 

.The importance of macrophage-derived 

-; factors in promoting chronic lung diseases 
that have persistent low-grade PMN inflam¬ 
mation is likewise unclear. Chronic bron¬ 
chitis and emphysema associated with cig¬ 
arette smoking feature elastolytic tissue 
damage that occurs in part from a combina¬ 
tion of excessive leukocytic elastase released 
from PMNS and inadequate neutralization 
of it by the protease inhibitor, alpha, anti¬ 
trypsin, that is rendered nonfunctional by 
the smoke (55, 56 )j Not only do such suk- 
jects have a huge increase in the number of 
alveolar macrophages, but their macro¬ 
phages are generally more active biochemi¬ 
cally (57), and tonic secretion of chemotac¬ 
tic factor seems to be greater. PMN influx 
into lung tissue might be aggravated. This 
seems to be a mechanism in patients with 
idiopathic pulmonary fibrosis who have a 
high percentage of PMNs in their alveoli 
and airways, but in this disease an addition* 
ai stimulus such as an immune complex 
* might be required to promote chemotactic 
factor secretion. ' 

Nonetheless it seems reasonable to con¬ 
sider ways ofi blocking the biologic activity 
of macrophage chemotactic factors. A 
means of selectively suppressing the macro¬ 
phage does not appear obvious, although 
corticosteroids and other immunosuppres¬ 
sion may generally reduce chemotactic fac¬ 
tor production (33). Alternatively, develop¬ 
ment of an inhibitor polypeptide or a specific 
monoclonal antibody might be feasible 
ways to block this chemotactic activity exo¬ 
genously. Hopefully, some form of chemo- 
tactic inactivator will emerge in the future 
as a possible therapeutic agent to modulate 
inflammation. , 
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